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1. INTRODUCTION 

Nowadays in the modern world, the utilization of electrical energy is increasing very rapidly. To 
satisfy the growing demand of electrical energy, requires new resources and allocate them properly according 
to dynamic changes of load demand. For proper utilization of electrical energy, there should be proper 
monitoring and fast control system. This is where the concept of dynamic state monitoring of the power 
system comes into the picture [1]. For the dynamic state monitoring of power system, the collection of data 
from the system should be at a faster level. According to the IEEE standard for dynamic state monitoring of 
the system at least 10 samples should be read in a second [2]. In the existed power system for the monitoring, 
supervisory control and data acquisition (SCADA) and energy management system (EMS) are read the 
sample at every 3 to 4 seconds. Therefore these are given limited awareness about the power system steady 
state operation. For the better protection performance of power system, it is required a good monitoring 
system in a dynamic state. Nowadays with the development of intelligent electronic devices the data 
collection rate is improved and it is fed to the computer, this helps to monitor the system in the dynamic state. 
With collected data phasor values of current and voltage signals is directly calculated at point of data 
collection. With the calculated phasor values power calculation and fault monitoring is possible. The 
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conventional power system fault monitoring methods is give limited information [3] about the system. For 
the dynamic state power system fault monitoring and protection intelligence based system is required [4]. For 
this intelligence based fault monitoring and protection purpose FBES system is proposed. This FBES system 
will give complete solution for the power system monitoring and protection in the dynamic state. For this 
dynamic state monitoring and protection purpose a test bed system is created with a controlled voltage 
source, transmission line, couple of loads, data collection and protection system [5]. With the controlled 
voltage source, voltage and frequency variations are created. With transmission line model different types of 
shunt (symmetrical/unsymmetrical) faults are created. With the loads normal load and over load conditions 
are created. On the developed test bed system the following case studies are carried out and validated in 
dynamic state conditions according to the IEEE C37.118 standard they are; i) real time current and voltage 
phasor calculation, ii) monitoring of fault with FBES, iii) FBES based protection system. All these are 
implemented in the LabVIEW software with real signals and simulated signal. 


2. CURRENT AND VOLTAGE PHASOR CALCULATION 

For the calculation of current and voltage phasor values, a 24-point DFT technique is used [1]. For 
the different types of case studies, micro grid single line diagram is shown in Figure 1. In this controlled 
voltage source, different loads are used for different case studies. For different case studies the data is 
collected at the source side and fed to the computer through data acquisition card for phasor calculation under 
different case studies. 


i Transmission Line Model 
= : bel | Alternator | 
230V, 50Hz Armature & Field 


ACSupply Rectifier Controlled DC motor 


(ie) 
y 
Data Acquisition 


230V, 50Hz, Grid supply & Monitoring 


Figure 1. Micro grid model block diagram representation 


In general, areal time AC wave form is represented as: 
y(t) = Ymcos(wt + $) (1) 
Here (wt + $) represents the instantaneous phase angle, and @ represents the initial phase angle of the 
signal. The @ will gives the position of the waveform at t=0. The phasor representation AC signal (1) is given 
by: 
Ym ; Y A 
Y= age = E (cos + jsing) (2) 


Where Ym: the peak value of the signal. The given signal discrete fourier series is given by: 
_ V2 N-1 k  sin(k 
Ye = nao Yn [cos(kn0) — j sin(kn8)] (3) 


The flow chart for the calculation phasor using DFT is shown in the Figure 2. The simulation diagram for the 
phasor calculation based on the flow chart is shown in the Figure 3. 
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Figure 3. Simulation diagram for current and voltage phasor calculations non-recursive DFT with 24-point 
technique with GPS timing in LabVIEW 


The real time signal is fed to the simulation circuit with a DAQ assistant block. The real time 
current and voltage signals phasor values are calculated by using the 24-point DFT technique [6]-[9]. These 
phasor values are used for the protection purpose [10] because in this phasor values along with magnitude, 
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phase angle also available. With the magnitude and phase angle values fault monitoring and protection is 
possible [11]-[15]. 


3. MONITORING FAULT CONDITIONS WITH FBES 

For the reliable operations of power system a good fault monitoring system is required [16]. Now a 
days due to the decentralized power generation the power system operations are very complex, for this 
intelligence is required [17]. For the different case studies on the transmission line a 200 kM, 220 kV and 
50 Hz is transmission line is considered [18], [19]. The transmission line details are given in the Table 1. For 
the dynamic state monitoring of the power system different types of faults are created on the artificial 
transmission line model with a controlled voltage source [20], [21]. A different type of faults includes 
variation of voltage, variation of frequency, and different types of shunt faults on the transmission line [22]. 
With a total 27 types of abnormal/fault conditions are created and checked by the FBES. The fault 
identification flow chart with FBES rules is shown in the Figure 4. 


Table 1. Details of 200 kM transmission line model 


Parameter Nominal values 
3-phase source rated voltage 220 KV 
Short-circuit rating 1250 MVA 
Base power 200 MVA 
Frequency 50 Hz 
source X/R ratio 10 
Earth resistivity 90 Qm 
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Figure 4. The outline of FBES fault monitoring system 


The real signal of voltage, current waveforms and its polar form is shown in Figure 5. This results are 
accurate than results [19]-[22] for dynamic state power system monitoring. The FBES rules for various types 
of fault conditions monitoring are given as: 

1. If ‘ly’ is ‘Small’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is 'No Problem' 

2. If ‘ly’ is ‘Small’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Caution' 

3. If ‘Iy’ is ‘Small’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘More’ then ‘the system condition’ is 'Severe Fault’ 

4. If ‘ly’ is ‘Small’ & 'Ib' is ‘Normal’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is 'Caution' 

5. If ‘Iy’ is ‘Small’ & 'Ib' is ‘Normal’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Caution' 

6. If ‘Iy’ is ‘Small’ & 'Ib' is ‘Normal’ & ‘Ir’ is ‘More’ then ‘the system condition’ is 'Severe Fault' 

7. If ‘Iy’ is ‘Small’ & 'Ib' is ‘More’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is 'Severe Fault’ 

8. If ‘Iy’ is ‘Small’ & 'Ib' is ‘More’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Severe Fault! 
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9. If ‘Iy’ is ‘Small’ & 'Ib' is ‘More’ & ‘Ir’ is ‘More’ then ‘the system condition’ is 'Very Severe Fault' 


. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is 'Caution' 

. If ‘Iy’ is ‘Normal’ & 'Tb' is ‘Small’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Caution' 

. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘More’ then ‘the system condition’ is 'Severe Fault’ 

. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘Normal’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is ‘Caution’ 

. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘Normal’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Caution' 

. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘Normal’ & ‘Ir’ is ‘More’ then ‘the system condition’ is 'Severe Fault’ 

. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘More’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is 'Severe Fault’ 

. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘More’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Very Severe Fault’ 

. If ‘Iy’ is ‘Normal’ & 'Ib' is ‘More’ &‘Ir’ is ‘More’ then ‘the system condition’ is 'Very Very Severe Fault' 
. If ‘Iy’ is ‘More’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is ‘Severe Fault' 

. If ‘Iy’ is ‘More’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Severe Fault' 

. If ‘Iy’ is ‘More’ & 'Ib' is ‘Small’ & ‘Ir’ is ‘More’ then ‘the system condition’ is 'Very Severe Fault’ 

. If ‘ly’ is ‘More’ & 'Ib' is ‘Normal’ & ‘Ir’ IS ‘Small’ then ‘the system condition’ is 'Severe Fault' 

. If ‘Iy’ is ‘More’ & 'Ib' is ‘Normal’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Very Severe Fault’ 

. If ‘ly’ is ‘More’ & 'Ib' is ‘Normal’ &‘Ir’ is ‘More’ then ‘the system condition’ is 'Very Very Severe Fault 
. If ‘ly’ is ‘More’ & 'Ib' is ‘More’ & ‘Ir’ is ‘Small’ then ‘the system condition’ is 'Very Severe Fault 

. If ‘ly’ is ‘More’ & 'Ib' is ‘More’ & ‘Ir’ is ‘Normal’ then ‘the system condition’ is 'Very Very Severe Fault 
. If ‘ly’ is ‘More’ & 'Ib' is ‘More’ & ‘Ir’ is ‘More’ then ‘the system condition’ is 'Very Very Severe Fault’ 


With the fuzzy based monitoring the calculated phasor values and the wave forms under faulted 


condition are shown in the Figure 5. 


4. 


325623457 PM 3:5623.462 PM 35623457 PM 
23-Mar-20 23-Mar-20 23-Mar-20 
Time 

B-Phase polar plot 


= 

= 
= 
v 
o 
— 
= 
So 
oo 
v 

bo 
oc 
= 
S 
> 
v 
pz 
oc 
= 
S- 
a 


-1000 


Three phase currents 


Time in Gms) 


Figure 5. Power system dynamic state fault monitoring system with FBES 


FBES BASED PROTECTION SYSTEM 
Protection of precious equipment from the abnormal condition is very important in the power 


system. The software based protection circuit is shown in the Figure 6. In the simulation circuit protection is 
implemented for the variation of voltage magnitude from the rated and accepted values. Also this protection 


is 


extended for the overload and frequency variation from the rated and the accepted values. When the 


abnormal condition is occurred in the power system then trip signal is generated from the simulation circuit 
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[23]-[25]. But for the clearance of the different faults required time is different. This time for various faults is 
decided with the FBES with a basis of inverse definite minimum time (IDMT) relay properties. Based on the 
severity the time is changed for the generation of trip signal. When the abnormal condition is occurred on the 
system, then trip signal is generated from the simulation circuit. This signal is available at the DAQ card 
digital output terminal, this signal is applied to the relay coil. The combination of relay coil and contactor is 
used for the isolation of faulted secession from the healthy circuit. 

For the real time implementation the DAQ digital signal is connected to the relay signal terminal 
and relay get the supply from the DAQ +Vcc and ground terminals. The relay common terminal is connected 
to the single phase supply neutral terminal [26]. The supply phase terminal is connected to the contactor coil 
first terminal; the second terminal of the coil is connected to the normally close (NC) contact. When the 
abnormal condition occurred then relay energies the contactor coil, it isolate the faulted secession from the 
healthy secession. 


Tone 
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Figure 6. Simulation diagram for protection with fuzzy rules 


For the different case studies, variation of voltage is created with auto transformer and motor 
generator set voltage (generator field) control method. Variation in frequency is created by controlling the 
speed of the motor-generator set through shunt motor armature and field control. For the over current 
protection, different types of loads are connected like pure resistive load (bulb), R-C type (bulb-condenser) 
and R-L type (bulb-chokes) loads. With the motor-generator (MG) set frequency variations and voltage 
variation are created. The power is transmitted from the source to load through the transmission lines. With 
different types of loads at the receiving end different case studies are carried out. 


5. CONCLUSION 

In this paper phasor value of a voltage and current signals is calculated at the point of data 
acquisition. With computer based software program the measured values of current and voltage phasor values 
are very accurate. The protection scheme implemented by FBES system is generate the protection pulse in 
1 ms for very severe fault. If the fault level is less than the time for generation of pulse protection is delayed. 
This FBES system also generates the protection pulse for the frequency variation, voltage variations and 
overload condition. The advantage of this FBES system is adaptable for the the accepted frequency values, 
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voltage variations, and overload protection values range. The FBES protection scheme is tested for frequency 
variation of +/-2% of nominal frequency, variation of voltage magnitude is +/-10% of nominal voltage, over 
load protection for >4 A. This testing condition can apply to any system by changing the rating of voltage 
and current sensing devises with appropriate protection precautions. 
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